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Introduction

3

Wolfenstein Parameterization

One of the unitarity condition of CKM:

iη

O ρ

(f1, f2, f3) = (b, a, g)

In the Standard Model, irreducible complex phase in Cabbibo-

Kobayashi-Maskawa (CKM) matrix cause the CP violation.

B0
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decay

-g+d

Time-dependent g measurement 



D(*)p Time-dependent CP analysis
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B0

B0

f

mixing

CFD decay

Vcb*Vud

DCSD decay

P(B0→D(*)+p−) = 1/(8tB0)e
−|Dt|/t

B0[1 −Ccos(DmDt) −S+sin(DmDt)]

P(B0→D(*)−p+) = 1/(8tB0)e
−|Dt|/t

B0[1 +Ccos(DmDt) −S−sin(DmDt)]

P(B0→D(*)+p−) = 1/(8tB0)e
−|Dt|/t

B0[1 +Ccos(DmDt) +S+sin(DmDt)]

P(B0→D(*)−p+) = 1/(8tB0)e
−|Dt|/t

B0[1 −Ccos(DmDt) +S−sin(DmDt)]

S±= 
2(−1)LRD(*)psin(2b+g±d)

(1+RD*p
2)

C = 
(1−RD(*)p

2)

(1+RD(*)p
2)

Only tree level decays → Theoretically clean

RD(*)π is the ratio between amplitudes of  the Doubly 

Cabibbo-Suppressed Decay(DCSD) B0→D*+π− and 

the Cabibbo-Favored Decay(CFD) B0→D*−π+ decay.

f
CFD decay

Vcb*Vud

Vub*Vcd 

Fig Fig
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D*+→     p, p0

B→D(*)p

Kp, Kspp,Kpp0,Kppp

Kpp

Full reconstruction analysis
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386M BB 
-

D(*)p TCPV w/ Full reconstruction

B→D*+p− B→D*−p+

B→D*+p− B→D*−p+

B→D+p− B→D−p+

B→D+p− B→D−p+

will be updated with full data sample
(x2 stat and higher reconstruction efficiency)

D+D0
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D*p TCPV Partial reconstruction
657M BB 

D0p

B→D*p

Observed particles

Fast pion pf

Slow pion ps

arXiv:0809.3203

Actual momentum of D*

Partially reconstructed 
momentum of D*

ppf

pD*

pD*’

pB
ED*=EB−Epf

pD*= √ ED*
2−mD*

2

|pD*| is known, but the direction is unknown. 

We must boost the pf into the partially reconstructed D* frame.

→This causes the ps in the actual D* frame, to have a spread 

in the partially reconstructed D* frame.

pd≡|ppf|−|pD*|

•parallel and the transverse components of the pps along the 

opposite direction to pf .        p║and p┴

•Strongly correlated to ppf .  

Three variables are defined
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Event selection and yield fit
∝ cosqhel

2

Signal purity = 59.0±0.4%

Signal 

BG 

Uncorrelated background     14193±128

D*p 50192±286

D*r 10232±150

Correlated background         10425±135

Resulting signal purity and BG fractions used in the CP fit. 

-0.01 0.01
0.04

-0.4 0.4

arXiv:0809.3203

Only lepton tag!



D(*)p CP fit w/ Partial recon result
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p−l− p−l+

p+l− p+l+

Signal

BG

p±l± …Same Flavour(SF)

p±l …Opposite Flavour(OF)

Here    p± is the fast pion, 

l± is the tag-side lepton

±

0 0.16ps-0.16 8-8 0 0.16ps-0.16 8-8

0 0.16ps-0.16 8-80 0.16ps-0.16 8-8

arXiv:0809.3203

The lepton tag dramatically

reduces the qqbar BG



HFAG average
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a = − (S+ + S-)/2 = −0.047 ± 0.014 ± 0.012 

c = − (S+ − S-)/2 = −0.009 ± 0.014 ± 0.012

HFAG notation
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RD*p limit with D*p0

PRL101(2008)041601

DCSCFD

657M BB 

Where tB+/tB- = 1.071±0.009 

and B(B0→D*+p−)=(2.76±0.21)×10−3

RD*p = 

(B →D p )=[1.2                                ]×10(stat) (syst)

signal
total

continuum
B→D*+r−

RD*p < 0.051(90% C.L) 

→10-15% uncertainty in RD*+π-

Max Baak (SLAC-R-858) 2007

Using D*+ p0 and isospin , can determine 

RD*p with minimal theoretical uncertainty  

B(B0→D*p0)=3.6×10−3(90% CL)



RD*p measurement with DS
*p
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PRD81(2010)031101

Measuring the DCSD mode, B0→D*+π− , is not possible with 

current data because of the background from B0→D*+π−. 

However, the corresponding background is absent for B→DS*+π− .

If we assumed SU(3) flavor symmetry, RD*p is given by.

•tanqC =0.2314±0.0021

...qC is Cabbibo-angle

•fD*/fDs*+ =1.164±0.006±0.020

…meson form factor estimated the quenched 

QCD approximation.

•B(B0→D*−p+) = (2.76±0.13)×10−3 (PDG)

•B(B0→DS
*+p−) …this measurement

Inputs

NEW

657M BB 
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B(B0→DS
*+p−)

= (1.75±0.34±0.17±0.11(B))×10−5

RD*p= 1.58±0.15±0.10±0.03%
stat .     syst.      th.    error

Most precise determination of RD*p so far!

The Ds
+ is reconstructed in 3 decay modes:

Ds
+→

(K+K−)fp
+,  (K−p+)K*0(892)K,  (p+p−)KSK+

Ds
*+ reconstructed by Ds

+ combining g:

Signal

fp fp

K*KK*K

KSKKSK

B→DS*+π− B→DS*−K+

Crossfeed Crossfeed

Signal

B→DSπ B→DSK

Simultaneous fit for three Ds
+ decay modes

6.1 s

8.0 s
B(B0→DS

*−K+)

= (2.02±0.33±0.18±0.13(B))×10−5

RD*p measurement with DS
*pNEW

Combinatorial BG

PRD81(2010)031101
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RDp measurement with DSpNEW

657M BB 
B→DS

+π−

B→DS
+K−

Ds
+ reconstructed by 3 decay modes:

(K+K−)fp
+,  (K−p+)K*0(892)K,  (p+p−)KSK+

B(B0→DS
+p−)

= (1.99±0.26±0.18)×10−5

B(B0→DS
+K−)

= (1.91±0.24±0.17)×10−5

8.0 s

9.2 s

RDp= 1.71±0.11±0.09±0.02%
stat .     syst.      th.    error

Most precise determination of RDp so far!

Signal

Crossfeed

Charmless B BG

Combinatorial BG

Total

arXiv:1007.4619

Accepted by PRD



Conclusions
• D*p partial reconstruction updated

→Update of the full reconstructed method with full 

Belle data sample in progress. 

• RD*p measurement with D*p0

• RD(*)p measurement with DS
(*)p
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RD*p= 1.58±0.15±0.10±0.03%
stat .    syst.     th.    error

a = −(S+ + S−)/2 = −0.047 ± 0.014 ± 0.012 

c = −(S+ − S−)/2 = −0.009 ± 0.014 ± 0.012

New results

PRL101(2008)041601

arXiv:0809.3203

PRD81(2010)031101

Most precise determination of RD(*)p

arXiv:1007.34619RDp = 1.71±0.11±0.09±0.02%
stat .    syst.     th.    error



Backup slides for partial recon.
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CP side selection
dr < 0.1cm ( |dz| <2.0cm )

Reject lepton and kaon based PID info from fast pion candidate.

1.93GeV/c < ppf < 2.50GeV/c

0.05GeV/c < pps
* < 0.30GeV/c

0.00GeV/c < p┴ < 0.06GeV/c

-0.60GeV/c < pd < 0.5GeV/c

-0.10GeV/c < p║ < 0.07GeV/c

Signal region

-0.40GeV/c < pd < 0.40GeV/c

-0.05GeV/c < p║ < -0.01GeV/c

0.01GeV/c < p║ <  0.04GeV/c

16

tag side selection
1.1GeV/c < pl < 2.3GeV/c

-0.75<cosdpfl in the c.m.s

R2 < 0.6
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Backup slides for Ds
*p
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Backup slide of RD*p with Ds
*p
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We have assumed 

fDs /fD = fD*s/fD*

The quenched QCD approximation(heavy quark effective theory)

predicts the uncertainty of the assumption 1%

The third errors are from uncertainty 

in the Ds
+ decay branching ratio



Br(B→DS
*p) significance and systematic err.
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W-exchange contribution
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B(B0→DS
*−K+)

= (2.02±0.33±0.18±0.13(B))×10−5

B(B0→DS
+K−)

= (1.91±0.24±0.17)×10−5

The measured values can be understood 

in terms of a pure W-exchange contribution, 

which is in agreement with both 

measurement.

Potential contributions arising from rescattering 

effects could enhance its branching fraction. 

Recent studies, however, find the rescattering 

contribution to be negligible.



Backup slides for Dsp
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Backup slide of RDp with Dsp

Uncertainty due to other possible SU(3) breaking effect 

are not included in the theory error

Accounts for the theory uncertainty 

in the fD/fDs estimation.
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Br(B→DSp) significance and systematic err.



~1 km in diameter 

Mt. Tsukuba 

KEKB 

Belle 

Lpeak = 2.1 x 1034 sec-1cm-2 

11mrad crossing 

KEKB at KEK
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>Twice of the design Luminosity !

Producing enormous BB pairs copiously

→  B-factory

on resonance of U(4S)~10.58GeV

8 GeV e- and 3.5 GeV e+ 

Y(4S) : qq(continuum)= 1:3

Br(U(4S) →BB)>96%

bg=0.425

Dt=Dz/(bgc)

http://kekb.jp/


7 April 2008

30 June 2010
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m / KL detection 

14/15 lyr. RPC+Fe 

Tracking + dE/dx 

small cell + He/C2H5 

CsI(Tl) 16X0  

Aerogel Cherenkov cnt. 

n=1.015~1.030 

K/p separation

Si vtx. det. 

4 lyr. DSSD 

TOF counter 

SC solenoid 

1.5T 

8GeV e-

3.5GeV e+ 

Belle Detector 
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D(*)p TCPV for sin(2f1+f3) 
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r  = [1.81

PRD78,032005

Assuming SU(3) flavor symmetry*

input
+0.16
-0.15 (stat)±0.09(syst) ±0.10(th)]%
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Comparison with LHCb
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